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ABSTRACT
Estimating sizes of hidden or hard-to-reach populations is
an important problem in public health. For example,
estimates of the sizes of populations at highest risk for
HIV and AIDS are needed for designing, evaluating and
allocating funding for treatment and prevention
programmes. A promising approach to size estimation,
relatively new to public health, is the network scale-up
method (NSUM), involving two steps: estimating the
personal network size of the members of a random
sample of a total population and, with this information,
estimating the number of members of a hidden
subpopulation of the total population. We describe the
method, including two approaches to estimating
personal network sizes (summation and known
population). We discuss the strengths and weaknesses
of each approach and provide examples of international
applications of the NSUM in public health. We conclude
with recommendations for future research and
evaluation.
INTRODUCTION
In many countries, the risk of acquiring and trans-
mitting HIV is highest among people who inject
drugs, people who exchange sex for money and/or
men who have sex with men. Accurate and timely
information about the number of people who
practice these behaviours is necessary for the design
and evaluation of public health policy as well as for
the allocation of resources for treatment and
prevention programmes. Collecting this informa-
tion with traditional survey and sampling methods
has proved complicated. Individuals practising these
behaviours may be difﬁcult to ﬁnd, and, although
agreeing to participate in a survey, may not report
accurately on behaviours that are stigmatised or
illegal.
Several methods have been used for estimating
the size of the populations with these behaviours.
These include indirect sample estimation
methods,
1 2 enumeration methods,
3 capturee
recapture techniques,
4e6 multiplier methods,
7
synthetic estimation
8 and multivariate indicator
methods.
9 For many countries, these methods may
not be feasible for developing reliable estimates of
population size. Enumeration methods can involve
months of ﬁeldwork to access individuals and still
fail to identify individuals who practice the
behaviour. Captureerecapture techniques require
two or more valid, representative and independent
samples of a population as well as a method to
uniquely identify which individuals were recruited
in more than one sample. Synthetic estimates and
multivariate indicator methods are computation-
ally intensive and may require data for each area in
the country for which the estimate will apply.
A potential solution is a relatively new (to public
health) technique for estimating the size of hidden
or hard-to-reach populations: the network scale-up
method (NSUM). We describe the background of
the method, the results of its applications in public
health, and an evaluation of its strengths and
limitations. Finally, we report areas of further work
in research and public health implementation for
improving the method’s utility for programming
and planning, based on the consensus of an expert
panel (see online supplementary appendix 1).
THE NETWORK SCALE-UP METHOD: BACKGROUND
AND METHODOLOGY
The NSUM has its roots in efforts by anthropolo-
gists, mathematicians and social network analysts
to estimate the size of hard-to-count populations.
10
It was ﬁrst used to estimate the number of deaths
from an earthquake in Mexico
11 and has been used
subsequently in several settings (table 1).
The method rests on the assumption that
people’s social networksdthe set of people whom
you ‘know’dare, on average, representative of the
general population in which you live and move. In
this case, if a sample of respondents report knowing
300 people on average, two of whom inject drugs,
we estimate that 2/300th of the general population
inject drugs. We combine this estimated prevalence
with known information about the size of the
general population to produce an estimate for the
number of people in the population who inject
drugs.
The accuracy of the estimate can be improved by
combining responses from many respondents as
follows:
^ e ¼
+
i
mi
+
i
^ ci
$N (1)
where ê is the estimated size of the hidden popu-
lation, mi is the number of people in the hidden
population known by person i, ^ ci is the estimated
personal network size of person i, and N is the
size of the general population.
12 The size of the
general population, N, is assumed to be known
(from sources such as census information), whereas
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Supplementmi and ^ ci are determined from data collected in network scale-up
survey interviews. Respondents are asked to supply the number
of people they know with the behaviour of interest (eg, ‘How
many people do you know who inject drugs?’); answers to these
questions are the mi in equation (1). Respondents are also asked
a series of questions, described in the ‘Estimating personal
network size’ section, to estimate their personal network size (ie,
their numbers of social acquaintances, called their network
degrees), the^ ci in equation (1). Interviews may be conducted face
to face, over the telephone or using a ballot-box or computer-
assisted self-interviewing technique to ensure conﬁdentiality.
The NSUM estimate for the population size differs from that
for captureerecapture, multiplier or nomination methods in
several ways. First, the NSUM method does not access the target
population directly, rather a random sample of the general
population report about members of the target population.
Second, if dictated by cost or logistical constraints, the data
needed for the numerator and denominator of equation (1) can be
collected in two different samples with different sizes (although,
if this is done, care must be taken to reduce non-sampling errors
between the two surveys). Third, the NSUM method uses esti-
mates of numbers known in many subgroups, while the classical
survey methods ask for a single set of individuals with associated
attributes. Finally, N represents the known size of the total
population, not a multiplier benchmark.
Clearly, a fundamental concept underlying NSUM is the deﬁ-
nitionofwhatitmeanstohaveapersoninone’spersonalnetwork
or what it means ‘to know’ someone. One deﬁnition of ‘know’
that has been used in the United States is: they live in the area (to
which the estimate will apply), you know them, they know you,
youhave hadcontactwiththemin thelast 2years,andyoucould
get in touch with them if needed.
12 This deﬁnition may be
adjusted in response to local culture and language, but respon-
dents need a clear and consistent deﬁnition of how to classify
people into their personal networks. To obtain a reasonably
accuratesizeestimateforthehiddenpopulation,weneedtoknow
that members of the hidden population are as easy or difﬁcult to
know and report as those in the known subpopulations.
The effect of the deﬁnition on the bias and variance of the
estimate could depend on numerous assumptions about the
patterns of network contacts in the population and assumptions
about responses to these types of questions. For example,
a broad deﬁnition of ‘knowing’ could expose the estimate to
more reporting biases, and a narrow deﬁnition could reduce the
precision of the estimate because there will be fewer individuals
identiﬁed as belonging to the hidden population. Even though
different deﬁnitions of knowing may expand or contract the size
of a personal network, NSUM uses only the proportion of those
in the network who practice the behaviour of interest (equation
(1)). Thus, the effect of the choice of deﬁnition may be modest,
and we suggest this as a valuable topic of further research (Le
Bao, personal communication).
Two concepts are important in assessing the utility of NSUM.
First, people may not know everything about members of their
personal network. For example, a respondent may not know
that a person in their network injects drugs. This is termed the
transmission bias: the contact has not transmitted (relevant but
sensitive) information to the respondent. Second, social and
physical barriers, such as ethnicity, race, occupation and location
of residence, may cause variation in the likelihood that respon-
dents know people in hidden populations
18 19; this is called the
barrier effect.
ESTIMATING PERSONAL NETWORK SIZE
The ﬁrst component of the NSUM calculation is an estimate of
respondents’ personal network sizes (^ ci in equation (1)), a chal-
lenging task in itself. Even with a clear deﬁnition of ‘knowing’,
direct questions such as ‘How many people do you know?’ are
not likely to yield accurate responses given the difﬁculties with
self-reported network data.
20 Instead, two indirect methods
have been used in NSUM studies to estimate personal network
size: the known population method
12 21 and the summation
method.
22
The known population method
To estimate ^ ci using the known population method, each
respondent is asked about the number of people they know in
various populations of known size. For example, if a respondent
in Egypt reports knowing ﬁve people named Ahmed, one could
combine that with the fact that there were about 2 million men
named Ahmed in the country (using birth registration data from
2008). We could estimate that the respondent knows about 5/
(2000000) ¼ 0.0000025 of all Egyptians. As there are approxi-
mately 90 million Egyptians (from census data), we would
estimate that the respondent has a personal network size of 225.
To reduce the variance of this estimate, we ask about many
populations of known size.
When using multiple populations of known size (denoted j),
an estimate of network size is computed as:
^ ci ¼
+
j
mij
+
j
ej
$N (2)
where^ ci is the estimated personal network size of person i, mij is
the number of people in population j known by person i, ej is the
actual size of population j (known from census reports, etc), and
N is the size of the general population (also known).
12 21
In the application of NSUM to the Mexico City earthquake,
11
ﬁve populations of known size were used: doctors, mail carriers,
bus drivers, TV repairmen and priests. Because the accuracy of
the estimate increases with the number of known populations
used, we recommend using at least 20 subpopulations.
12 21 A list
of known populations used in selected NSUM studies can be
found in online supplementary appendix 2.
One advantage of the known population method for esti-
mating personal network size is that it can be embedded into
Table 1 Selected applications of network scale-up method (NSUM)
studies to date
Population estimated Location of study References
Deaths in earthquake Mexico City, Mexico Bernard et al
11
Women who have been raped Mexico City, Mexico Bernard et al
11
HIV prevalence, women who have
been raped, the homeless
United States Killworth et al
12
Heroin use 14 cities in the United
States
Kadushin et al
13
Children injured from ingesting
foreign bodies
Piedmont, Italy Snidero et al
14
Children experiencing choking Italy Snidero et al
15
Populations most at risk for HIV/AIDS
(people who inject drugs, people who
sell sex, men who have sex with
men), bridge populations (sexual
partners of people who inject drugs,
clients of female sex workers, female
sex partners of men who have sex
with men), people living with HIV
Ukraine Paniotto et al
16
Populations at increased risk for
HIV/AIDS
Moldova In preparation, 2010
People who use drugs heavily Curitiba, Brazil Salganik et al
17
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18 23 However,
statistics for populations of known size (people’s names,
commercial pilots, etc) may not be available in some countries.
In addition, the NSUM estimate may be biased, depending on
the known-size populations used for estimation.
18 Finally, ﬁeld
implementation has shown that respondents under-report the
number of people known in larger populations and over-report
the number known in smaller populations,
12 24 although
statistical corrections for this response bias are possible.
25e27
The summation method
The summation method is an approach to estimating personal
network size when data for known populations may be missing
or unreliable. Here, respondents are asked to enumerate the
people they know in a list of speciﬁc relationship types or
categories, such as family, neighbours, coworkers, etc. The
summation of these responses yields an estimate of personal
network size. At a workshop to pilot test NSUM in Thailand,
participants developed a list of 17 culturally appropriate cate-
gories by free-listing relationship categories and then eliminating
categories where there might be overlap.
One advantage of the summation method is that it may be
easier for respondents to provide accurate answers and it does
not require data for populations of known size. One limitation is
that it is difﬁcult to construct a list of perfectly mutually
exclusive groups (eg, someone who is a coworker may also be
a neighbour), which potentially leads to overcounting. Under-
counting could result if a substantial group is omitted from the
list. Further, the set of relationship categories must be chosen
carefully on a country-by-country basis to match the categories
that respondents use to organise relationships. Finally, as the
summation approach is not embedded within any statistical
framework, it is difﬁcult to quantify the uncertainty in the
estimate.
A direct comparison of the known population and summation
methods in the United States
22 yielded similar estimated
personal network sizes. The methods were also similar in terms
of time taken to interview each respondent: the scale-up method
with 29 populations took an average of 7 min per respondent,
and the summation method with 16 categories took an average
of 5 min per respondent.
APPLICATIONS OF NSUM IN PUBLIC HEALTH
We review here selected uses of NSUM in estimating sizes of
hiddenpopulations.Alistofsuchstudiestodateisgivenintable1
and also at the website http://www.tinyurl.com/mf5uwa.
Researchers in Italy used NSUM to estimate the number of
children injured from ingesting foreign bodies.
15 They evaluated
the relationship between the mean number of people known
and the size of the subpopulation to detect subpopulations that
were signiﬁcantly over- or under-reported. Based on these ﬁnd-
ings, researchers eliminated subpopulations for which it
appeared that respondents were less able to recall accurately.
Researchers in the Ukraine used NSUM to estimate the
number of people who inject drugs, the number of people who
exchange sex for money and the number of men who have sex
with men.
16 They found that NSUM estimates for the number
of people who inject drugs were similar to estimates made from
multiplier methods (using drug registration and programme
coverage multipliers). On the other hand, the estimated number
of women exchanging sex for money and the number of men
who have sex with men were signiﬁcantly lower than multiplier
estimates. Along with reliable estimates for the number of
people who inject drugs, investigators in the Ukraine found that
NSUM could be implemented as part of a general population
survey with minimum expenditure of resources.
The Ukraine investigators examined response bias and trans-
mission bias. For response bias, respondents were asked to rate,
using a scale of 1¼very low to 5¼very high, their level of respect
for members of various population groups, including people
with the behaviours that were the target of the estimates.
Investigators weighted data from the respondents (about
members of the high risk group, for example, men who have sex
with men) by a factor Wi¼Mi/M3 where Mi is the average
number of men who have sex with men in the network of all
people with respect level i for men with that behaviour and M3
is the average number of men who have sex with men in the
network of people with a medium level of respect. For trans-
mission bias, the investigators asked respondents who were men
who have sex with men how many of those respondents’
acquaintances know about that behaviour.
16
Researchers in Moldova implemented NSUM based on the
experience in the Ukraine. Unpublished analysis indicates
underestimation of the number of people in most high risk
populations compared to estimates from other methods. The
Ukraine adjustment for respect did not produce expected results
in Moldova; speciﬁcally, people who reported knowing more
people with the high risk behaviour in Moldova were more likely
to display low levels of respect for those people. Investigators
stratiﬁed their sample by age to examine barrier effects; that is,
to investigate the hypothesis that younger people may report
more people with the risk behaviours in their personal networks
than do older people. Finally, they hypothesised that both
transmission and barrier effects may result in different network
sizes between urban and rural areas. Analysis is ongoing.
DISCUSSION
The NSUM offers promise in estimating the numbers of people
with high risk behaviours and suggests a programme of theo-
retical and empirical research. The examples from international
applications in estimating sizes of populations at risk of HIV
show encouraging results. However, several potential biases must
be addressed to assure the utility of the method for public health.
First, transmission error is particularly likely in settings where
thebehaviourofinterestishighlystigmatised.TwoUSstudies
26 27
found that people living with HIV withheld their serostatus
from many of their family, friends and acquaintances. Personal
networks of those living with HIV were signiﬁcantly smaller
than those of the general population, about 1/3 the size of the
general population networks examined.
24
Researchers in Brazil implemented a network survey to esti-
mate transmission error. Building on earlier work,
19 they asked
sampled members of the high risk group about people socially
connected to the respondent. The respondent then provided
information about each of these social contacts, including
whether they were aware that the respondent was in the high
risk group.
28 In another example, one author (SW) included
a similar question in a survey of women working in venues
where people meet new sexual partners; women were asked if
they exchanged sex for money, self-identiﬁed as a sex worker and
whether their friends identiﬁed the respondent as a sex worker
or not. Results suggest that these procedures could be used as
an adjustment factor in the calculation of population size
estimates.
17
Second, the application of the NSUM requires the assumption
that the network of social contacts in the general population is
essentially random. Clearly, this assumption is not reasonable in
the context of behaviours that increase the risk of HIV. Use of
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Supplementa diverse set of known populations that are not likely to be
confounded with the clustering of social contacts in the general
population can address this problem.
23
Third, people may know someone in a hidden population and
be aware of that fact, but not report this information in an
interview because of the sensitive nature of the behaviours
involved. However, NSUM does not require respondents to
identify themselves as a member of the hidden population.
Methods using randomised response techniques
29 (for estima-
tion of size for a single population), ballot-box techniques
30 or
audio computer-assisted self-interviewing techniques
31 can
assure respondents of conﬁdentiality and decrease this response
bias. Finally, respondents tend to under-report the number
of people they know in larger populations of known size and
over-report the number of people they know in small ones.
12 21
Fourth, barrier effects are particularly important in this
context. One example
26 found that relatives who were not in
the same town as the informant would not be told about the
informant’s HIV positive status until that information could be
relayed in person. These barrier effects can be particularly
problematic if those who are more likely to know members of
the hidden population are less likely to be included in the
sample, either because of incompleteness of the sampling frame
or non-response. For example, if the survey is conducted on the
telephone using random digit dialling, but those without tele-
phones are more likely to know people who use injecting
drugs, the NSUM will underestimate the true number of
people who inject drugs. However, if the sampling procedure
systematically excludes rural residents, the procedure might
overestimate the number of people who inject drugs in the
entire country.
One additional area of investigation is to quantify the uncer-
tainty in population size estimates. However, it is important to
note that these methods only quantify sampling error and
neglect all forms of non-sampling error such as response error.
32
We found four advantages of NSUM. First, because it is based
on a random sample of the general population (which includes
the group at increased risk), it does not require members of
a hidden population to expose their behaviour. While general
population surveys are neither easy nor cheap, questionnaire
items for NSUM can be imbedded in national surveys when
planned. Thus, data for estimates can be collected in a stand-
ardised way across space and time, something that is extremely
difﬁcult if a method requires contact with the hidden population.
Second, the majority of the time required for people to provide
responses to NSUM questions is taken in estimating personal
network size (using either the known population or summation
method). These questions can be embedded in any existing
national survey, and data needed to estimate personal network
size can be collected on a separate subsample of the general
population survey if necessary.
Third, estimates for the sizes of several hard-to-count popu-
lations can be obtained simultaneously from a single data
collection effort. And fourth, the known population method
allows for internal consistency checks that can suggest deﬁ-
ciencies in modelling assumptions or data collection and can
gauge the effect of adjustments. This affords the possibility to
make incremental improvements to improve the accuracy of the
estimates.
RECOMMENDATIONS
Some limitations for NSUM can be addressed by studying
members of the hidden population themselves. One study
26
carried out in-depth interviews with HIV positive individuals
and asked them who they would and would not tell about their
HIV status. Resulting estimates of transmission error can be
combined with results from the NSUM in the general popula-
tion to produce improved size estimates. Examples from the
Ukraine, Moldova and Brazil show how adjustments might be
made for transmission error.
Other developments can be addressed by studies in the general
population. For example, the plausibility of the mi estimates can
be assessed by comparing them with demographic and spatial
information that can be collected during the NSUM interviews.
For example, spatial patterns of knowing members of the hidden
populations should match local expert knowledge. Additionally,
individual responses should vary in expected ways; for example,
in the United States, poorer urban respondents may be more
likely to know people who inject drugs. Further, consistency of
responses could be checked using a design to vary question
ordering and deﬁnition terminology (eg, ‘men who have sex
with men’ versus ‘gay’ versus ‘gay/bisexual’). Because response
bias is a problem for the general population, accuracy of
responses could be checked by interviewing speciﬁc respondents
who are known to know members of the hidden population.
Future work involving both mathematical modelling and
computer simulation should investigate the consequences of
barrier effects, transmission error and response bias on the bias
and variance of the estimates. Further, additional investigation
of the sources of variance will offer guidance on the design of
future studies.
Finally, direct empirical application of the NSUM along with
other size estimation methods on the same population will be
important to assess the relative strengths, weaknesses and biases
of each method. In addition to these speciﬁc studies, comparison
of data across studies will be needed to assess the robustness of
various modelling assumptions. These cross-study comparisons
will be facilitated by the use of common populations in the
known population method or common categories in the
summation method. Important to this effort will be the sharing
and the public release of the data. These cross-study compari-
sons will allow for rapid developments in the understanding and
applicability of NSUM but will depend on the willingness of the
scientiﬁc community to work collaboratively toward these
goals.
NSUM estimates can be validated in two ways. First, they can
be compared to other size estimates produced from direct
methods to determine criterion-related validity. The second
method is to ask experts in each of the countries to evaluate the
NSUM estimates. This face validity, referring to the degree to
which something measures what it appears to measure, lacks
Key messages
< The Network Scale-Up Method (NSUM) offers promise in
estimating the sizes of populations at risk for HIV and AIDS.
< Examples from international ﬁeld applications of NSUM in
estimating sizes of populations at risk of HIV show
encouraging results.
< Biases with potential impact on the method have been
addressed through ﬁeld modiﬁcations and present opportuni-
ties for methodological work.
< Comparisons of NSUM results with those from traditional
methods will increase utility for countries estimating the size
of hidden populations at risk of HIV.
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Estimates from the early 1990s for the number of persons using
illegal drugs in the United States were not used effectively
because of policy-makers’ perceptions of limited credibility.
33
Critical to this effort will be the sharing of methods and data
from NSUM applications. This collaborative evaluation effort
will provide increasingly accurate estimates across the world of
the sizes of groups at highest risk for HIV/AIDS. This knowl-
edge should facilitate the management and planning of effective
prevention programmes to address the HIV/AIDS pandemic
across the world.
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